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eld eects in




A new program has been written in order to analyse, in term of transverse emit-
tance growth, the dipolar wakeeld eects on a charged particle beam travelling
through a linac, the dierent components of which (quadrupoles and cavities) are
not perfectly aligned.
As it is the case for the family of programs, MTRACK [1], the code uses a sliced{
bunch{model; nevertheless, it is not a classical tracking program in the sense that it
does not compute the motion of several macro{particles all along a specic beam line,
i.e with a given set of alignment defaults for each of its components. The philosophy
is completely dierent. Indeed, given a certain probability law for the misalignments
of the line components (actually Gaussian and uncorrelated), and a certain correc-
tion algorithm, the program is able to produce some statistical results concerning
the required displacement of the trajectory correctors (actually the quadrupoles)
and concerning some quantities relative to the beam behaviour: for instance, the
program can estimate, at the end of the line, the transverse beam emittance aver-
aged over the distribution of misalignments, what permits, among other things, to
compare in a statistical way the eciency of two correction algorithms.
Initially written for the CLIC main linac [2] and for a single bunch machine, it has
been modied for the study of the CTF2 Drive Beam, as regards the 30 GHz region.
After having explained how the program functions and what it computes, the rele-
vant questions to debate here will be the required magnetic focusing and the needed
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1 Introduction
Using the program PARMTRACK [3], which is a modied version of the PARMELA code
[4] including the wakeelds, A. Riche gave the rst numerical results showing that in the
30 GHz structures the dipolar wakes were so rude that almost all the bunches were lost
after the third module. In order to ght against this unacceptable situation two possible
remedies were investigated:
 Increase the actual magnetic focusing strengths in order to decrease the  function
values inside the cavities and then to limit the wakeeld eects on the beam; but the
simulations show that it is not sucient.
 Try to damp the dipolar mode: several models of damped structure are actually
under investigation by L. Thorndahl showing approximatively 50 to 70% damping:
with this order of magnitude for the damping factor DF and modifying the optics,
we have found a solution for the nominal beam parameters, taking realistic values
for the beam oset (100 m RMS) and bunch{to{bunch jitter (100 m RMS) at the
entrance of the 30 GHz region, and for the component misalignments (100 m for
cavities and 20 m for quadrupoles).
The results obtained with the new program will be shown in Section 4 after having reported
the beam parameters in Section 3 and having redened the optics, whereas, in the rst two
sections, we will remind some generalities about wakeelds and beam dynamics (Section 1)
and will construct (Section 2) the algorithm we use in the program (generalised R matrix
in the presence of wakeelds, computation of the response coecients of the line according
to unit{displacements and unit{rotations of its components).
2 Wakeelds and equation of motion
2.1 Recall about wakeelds
We consider a point chargeQ, travelling at the speed of light through an innitely repeating
structure; we note ~r
0
the transverse position of the particle according to the longitudinal s^
axis of the structure. At a transverse position ~r and at a distance z behind it, the particle



















































(~r; s; t = (z + s)=c) ds
(1)
where p is the period of the structure and c the speed of light.
The wakeelds have two major well known eects:
1
 The rst one, contained in the componentW
k
is the energy loss of the driving particle
itself and of all the particles following it: it is the beam loading eect which comes
essentially from the monopolar component of the function W
k
(~r), that we note W
k0
.




, is the transverse deection of all the particles be-
hind the driving particle, or beam{breakup eect; for particles close to the structure








(~r) can be considered
For cylindrically symmetric structures, or at least for those invariant by =2 rotation (it is




























































(a) are the loss factors calculated at r = a, respectively for the monopolar mode and
for the dipolar mode.
2.2 Wakeelds in the CLIC Transfer Structures (CTS), MAFIA
results
The most recent MAFIA [6] simulations of the actual CTS [7] give, for the fundamental
frequencies of the monopolar and dipolar modes, the following values: f
k
= 30; 013 GHz
and f
?
= 29; 990 GHz. Thus, there is a very small frequency split between the two
modes, 4f = 23 MHz, which is of the same order of magnitude than the dierence
between f
k
and the required theoretical frequency of ten times the bunch repetition rate,
f
kth





in a range of  100 MHz, and have shown no sensitive modications in the
results. For convenience, we choose the following inputs for the fundamental frequencies









 4f = 29; 9625 GHz
An other parameter is the group velocity of these two modes which is found to be the same





Armed with these results, the computation of the loss factors have been made by \decon-
voluting in frequency and bunch distribution" several MAFIA outputs obtained in time
domain, with Gaussian bunches of 
z
between 0,6 and 1 mm [8]. The values for the two
loss factors were found to be: k
k0
= 0; 184 V/pC/cell and k
?0
= 0; 960 V/pC/cell; these
computations showed also the presence of higher modes but with loss factors at least 30
times smaller than the ones obtained for the fundamental modes. Hence, higher harmonics
2
will always be neglected.
The analytical model used for this deconvolution is reported below. Of course, the CTSs
are not innite (actually, they have an eective length of L
cav
=60 cm): hence, the group
velocity of the wakeeld waves is of great importance, since, when a particle enters in the
structure, some \test particles", too far behind it, have not enough time to see the eld
deposited by the driving one. So, we consider a fully relativistic particle which enters in





c, imposes that wakeelds are present only in the region s 2 [
g
ct; ct]; at the s ab-
scissa and at time t, the observed eld has been created at abscissa s
0




























If now, we note ~x
0
(s) the transverse motion of the driving particle, the wakeelds, at a






























































where  is the Heaviside step function.
In the case of damped structures, we have just to multiply the last expression of W
T
(s; z)




; where, with the previous notations, the
quantity z=(1   
g
)c is the time dierence t   t
0
between the creation of the wave and
the moment it is seen by the test particle, and where  is a damping time linked to the
structure geometry. Then, we dene the damping factor DF in the following way,











' 10 cm is the distance between two consecutive bunches in CTF2 Drive
Beam.
2.3 Equation of motion
We consider a charged particle beam travelling along a line containing magnetic and RF
structures. We note s the longitudinal coordinate along the line and z the relative position
inside the beam according to a given origin. We always suppose that the beam is fully
relativistic without coupling between the transverse planes and the longitudinal one (no
dispersive terms), so much so that, on the one hand, the longitudinal distribution of par-
ticles (z) is completely rigid along the s^ axis, and, on the other hand, the particle energy
1
We use the change of variable s+ z = ct.
2
Here we consider only constant impedance structures, where  remains constant along the structure.
3
depends only on s and z.
For a train of N
b
bunches separated each other by a distance 
b
, and taking the centre of



















(z) dz = N
e
: number of




Now, we can derive the equation of motion for the bunch train. For a slice of charge at
a relative position z inside the bunch, we note x(s; z) the transverse position (horizontal
or vertical) of its centre of gravity; we call x(s; z) = x(s; z) + ~x(s; z) the position of any




its energy (thus, ~x describes the betatron motion
in the presence of acceleration). Then, the fundamental dynamics relation, projected on
the transverse and longitudinal planes, gives
4
(see Ref. [9] where the following equation




























































(s; z   z

) (4)









is the quadrupole strength seen by the z slice (G(s) being the quadrupole gradient in T/m).
Summing equation (3) over all the particles of the considered slice, we deduce the following








(s; z) + 
0
(s; z)=(s; z) x
0

































(s; z) + 
0
(s; z)=(s; z) ~x
0
(s; z) + k(s; z) ~x(s; z) = 0 (6)
Eq. (5) has no general analytical solution, except in some particular cases that we can not
use here: 
g
= 0, uniform distribution, transverse wakeeld W
T
varying linearly with z [9],
[10]. The numerical treatment of this equation will be explained in the next section.
Eq. (6) is the the well{known Hill equation and the classical theory of the beam matrix,
3
Some simulations have been made taking a parabolic or rectangular distribution for 
0
and did not
show sensitive modications in the behaviour of the observed instability.
4
Here, we assume that the trajectories x(s; z) vary moderately over several structure cells such as the
transverse local eld can be approximated by its average along several periods, and then, by an expression
of type (1) for long enough structure.
4
not reported here, can be applied in order to track the \~x{envelope" along the line, starting
from a given transverse particle distribution
5
. We simply recall that analytical solutions
of equation (6) exist in the three particular following cases; they are reported in Appendix
A, in term of classical R matrix:
 k(s) = Cst, 
0
= 0: \quadrupole case"
 k(s) = 0 , 
0
= Cst: \RF case"
 k(s) = Cst, 
0
= Cst: \RFQ case " embracing the last two cases mentioned.
3 Description of the method
3.1 Generalised R matrix in the presence of wakeeld






. Using (5), we see that
X(s; z) veries the following linear integro{dierential equation:
X
0
(s; z) = A
0























































Do not forget that W
T




), so that the linear equation (7) is
deterministic and has the following formal solution:
X(s; z) = R
0

















































































In this model, we see that the motion of ~x is totally independent of the one of x, and that it is not
perturbed by the wakeeld dipolar mode; this would not be the case any more if, for instance, we had
taken into account the quadrupolar mode of the wakes or the fact that the longitudinal wake seen by a
particle may also change according to its transverse position.
5
To go further in the computation, we have to discretise equations (8) and (9) by splitting
the bunch train into n
s
slices of constant thickness 4z
6



































































R is what we call the generalised R matrix in the presence of wakeeld. It is a lower





is the usual R matrix describing the motion of the slice z
i












transverse wake. Using equation (9), the 2  2 blocks R
i;j



































1  j  i  n
s
(10)
Even if linear, this set of coupled equations does not form a system of ordinary dierential
equations because 
g
6= 0, and a fourth{order Runge{Kutta type method has been devel-
oped to solve it numerically.
Certainly more complicated than a classical tracking, this method has nevertheless two
great advantages:















, and any s





















 The second advantage is a very practical computation of the response coecients of
a beam line according to unit{displacements of its components; this is done in the
aim to convert the probability law of those displacements into a statistical behaviour
of the beam itself. That will form the subject of the next two subsections.
3.2 Computation of the beam line sensitivity
Here, we are interested in the eects of transverse misalignments of the line components.
If we suppose that the elements are totally rigid objects, their position along the beam line
and their orientation can be given by six parameters (see Fig. 1); rst, we execute a global
translation of the component , then, three rotations leaving invariant the middle point of







= [number of bunches]? [number of slices per bunch], so that long{range and short{range wakeelds
are treated similarly.
6






















Figure 1: Schematic rotations and translations of a beam line component
 the horizontal displacement dx
 the vertical displacement dy
 the longitudinal displacement ds according to an ideal location along the line
 the rotation  around the actual vertical axis, y^
in
in Fig.1, or yaw angle.
 the rotation  around the newly dened horizontal axis, x^
0
in
in Fig.1, or pitch angle.
 the rotation  around the newly dened longitudinal axis or roll angle.
For what we are concerned, we forget the \longitudinal alignment errors", ds and  , which
do not create any transverse oset when the beam travels through the line.
Then, we consider a component of length L with the alignment defaults dx and , and
we assume that the beam goes into the component (abscissa s
0
) with an horizontal oset
described by the vector X (s
0
); so, using the formalism developed in the last subsection,





























 dx; ; : : : ; dx; 
i
refers to the change of coordinate at the compo-




dx+L; ; : : : ; dx+L; 
i
refers to the one at the component
exit.
Thus, at any abscissa s
f
, we can estimate the line sensitivity relative to misalignments of
any of its components; for instance, for a yaw angle 
i






































; 1; : : : ; L
i
; 1].
Finally, in the same way, we can obtain all the response coecients of the line, concerning
the initial oset (angle or position) of any bunch inside the train.
3.3 Statistical response of the line
Let us consider a beam line containing N
el
components (quadrupoles and RF structures)
and a train of N
b
bunches which comes through it; we assume that we have split each
bunch into N
s
slices. Then, a slice j
s0
, belonging to the bunch i
b0
, has the following oset


































































are the transverse position and the angle of bunch i
b






















) are the associated response coecients.
Of course, we could stop here our investigations; indeed, choosing a certain distribu-













according to this distribution, we could estimate the z{prole of the
bunch train at the end of the line; that is the way a classical tracking program functions,
but, on the other hand, more than one simulation is needed in order to analyse the beam
behaviour in a statistical way. This can be done directly by our program; the method is
explained below, using a simple model for the component misalignments and for the bunch





, respectively the average transverse position of the beam and its av-
erage angular oset at the line entrance, and we do the following assumptions for the













































refer to the displacement and angle RMS values

















refer to the RMS values of the beam oset average
at the beginning of the line (position and angle).
8
In the case of a beam based alignment of the components (for instance, by moving the quadrupoles),
correlations appear between the correctors displacements, the position of the other components and the
initial beam oset: these correlation terms can then been computed along the line and, of course, depend
on the choice of the correction algorithm; this is done in order to analyse the statistical behaviour of the
CLIC main beam. Nevertheless, for the CTF2 drive beam, the component alignment will be achieved with
the aid of stretched wires. Then, the assumption done remains realistic, at least for a line not too long
relative to the wire length.
8
 The bunch{to{bunch jitter in position and angle is assumed to be the same for all







Thus, using these notations and equation (11), we can estimate the expected RMS value























































































































































) are the response coef-




) relative to an initial unit{oset in position and angle of the
whole bunch train.





Charge per bunch [nC] Q
b
= 13; 4 21
Bunch repetition rate [GHz] f
b
= 2; 99855
Average initial energy [MeV] < E
in
>= 62; 6 43
Total normalised emittance [mmmrad] <  > 
x
=<  > 
y
= 1000 2200
Bunch length (RMS) [mm] 
z
= 0; 6 between  2
z
1
Table 1: Beam parameters
The beam parameters at the entrance of the 30 GHz region are reported in Tab.1 [11]:
the rst column refers to the nominal beam parameters (total charge of 641 nC) which
generates the required power of 80 MW in the main beam accelerating sections, whereas
the second one describes the extreme situation relative to a bunch train of 1 C. In each
of these two cases, the values concerning the transverse emittances are the ones expected
with gun 4, with the hope that they can be halved with gun 5 .We will not treat here
in detail the \high{charge situation". We will simply report in Appendix C some results
obtained with the extreme parameters given in the second column of Tab.1.
Actually, the program does not use as input the complete phase{space distribution of the
beam, resulting from the 3 GHz line study, and we have to do the following assumptions:
9
 In fact, at injection, each bunch has separately a total emittance of 200 mmmrad.
Nevertheless, due to the large energy spread of the train at the gun output (intra{
bunch and bunch{to{bunch energy dierence of about 20% coming from the beam
loading in the RF{gun [11] and causing strong chromatic eects in the two solenoids
downstream the gun) and due to space charge eects, the total area of the beam
envelope in the phase space x  x
0
is taken equal to 1000 mmmrad [11] at the end
of the 3 GHz acceleration system. Hence, if we assume that each bunch is adapted
to the 30 GHz line optics, it is a pessimistic choice to put an emittance of 1000
mmmrad for each of them separately, but this option is taken in absence of more
detailed information.
 The total energy spread, after beam loading compensation, remains relatively large
with an approximate value of 14% [11]. Nevertheless, the program assumes that
the bunch train is a perfectly mono{energetic beam with an initial energy equal to
the average beam energy at the 3 GHz line exit, say 62,6 MeV. Several simulations
have been made to control that, in the range of  7%, the initial beam energy
had no great eects on the x{motion. These simulations were done by taking the
quadrupole gradients considered in the next subsection; these ones are stronger than
the ones initially proposed, but remain in a region where the optics matching of the
whole CTF2 drive beam line is feasible (see Appendix B).
4.2 Layout of the 30 GHz region for the CTF2 Drive Beam
22 mm
QF1  QD QF2
55 mm
                775 mm 105 mm
95 mm
61.5 mm
  67 mm
15 mm
A B
1410 mm (total length)
600 mm (effective cavity length)
Figure 2: Layout of a 30 GHz module
The 30 GHz region consists actually in six transfer structures, each separated by a qua-
drupole triplet [11] (QF1, QD, QF2 in Fig.2) in order to obtain  functions as at



















, which were found not to be optimised in the
presence of the strong wakeeld eects in the structures. All the work which has been done
to optimise these two gradients is reported in detail in Appendix B. The new gradients that
we propose are then slightly dierent: G
F




'  9; 68 T/m;
the horizontal and vertical  functions adapted to these new optics are shown in Fig.3.
Although the actual quadrupoles have a nominal gradient of 16 T/m, the focusing is lim-
ited, on the one hand, by the strong energy loss of the train which may render the optics
of the trailing bunches unstable in the last modules
9
, and, on the other hand, by the fact
that the matching of the line may become dicult (because of the large energy spread in
the beam) for too strong gradients. The proposed gradients are in the range where these
limits are not reached, and they are optimised in order to minimise the transverse beam
extension after the sixth structure, assuming 70% damping (see Appendix B). Tab.2 sum-
marises the layout parameters of the 30 GHz periodic lattice, and also some values relative
to the longitudinal and transverse wakeeld in the transfer structures.
Lastly, the component misalignments are chosen such as 
x
Q
= 20m in the position
of the quads and 
x
cav
= 100m in the position of the structures, in agreement with the
expected ones; then, as a guess of the worst possible case, in the absence of more precise
information, we take 100 m for the bunch{to{bunch jitter and the same value for the




The vertical  function becomes very large inside the quadrupole QD of the last two triplets.
10
Other simulations have been made with half of all these values plus the equivalent angular values
(1 m ! 1 rad), and had shown approximately identical results.
11
quadrupole parameters
QF1 & QF2 gradient [T/m] G
F
= 4; 9
QD gradient [T/m] G
D
=  9; 68
QF1, QF2 & QD magnetic length [mm] L
Q
= 95
Triplet vacuum chamber, internal radius [mm] a = 11
CTS parameters
CTS eective length [mm] L
cav
= 600
Cell length [mm] p = 3; 332
Cell number per structure 180
CTS, internal radius [mm] a = 7; 5
Longitudinal wakeeld
Monopolar fundamental frequency [GHz] f
k
= 29; 9855
Longitudinal loss factor [V/pC/cell] k
k
= 0; 184




Dipolar fundamental frequency [GHz] f
?
= 29; 9625
Transverse loss factor [V/pC/cell] k
?
= 0; 96
Group velocity [c] 
g?
= 0; 5
Damping factor DF = 70%
Table 2: 30 GHz line and wakeeld parameters
5 Simulation results
5.1 Brief description of the program
The program, specic to the 30 GHz region of the CTF2 drive beam, is a standard FOR-
TRAN 77 program called ctf.f. It is installed on the SP platform; the command le, used
to run it, is called ctf. It needs one single user{friendly input le, param.data, which is
shown in Appendix D. The source can be compiled, as the user choice, in single or double
precision, with the respective commands vfort1 and vfort2. For the actual 30 GHz line
which contains six modules, the single precision option was chosen, giving results very
closed to the ones we could obtain with the double precision version; the needed memory
space is thus divided by a factor of two. For 48 bunches, the program accepts up to 14
slices per bunch, then around 700 slices in total: the limitation comes essentially from the
computation, in each CTS, of theR matrix (subsection 3.2), the coecients of which have
to be stocked all along the structure due to the non zero parameter 
g
(equation (10)).
Thus, we have decided to split each structure into 80 subdivisions, and we have observed
that beyond this number the results did not change any more in a sensitive way.
12
For the plots presented in the next subsection, the computations have been done with
only 12 bunches, each ones split into 14 slices. In fact, assuming that the beam is initially
mono{energetic, we can prove than an exact steady state appears after the bunch number 7
for the energy prole, and after the bunch 37 for the transverse one
11
; nevertheless, with
the actual damping factor, DF = 70%, simulations have shown that, after six modules, all
the bunches following the bunch number 12 had quasi the same behaviour.
In addition, a graphical interface has been written, using PAW [13], and generating the
following plots:
 the adapted horizontal and vertical  functions; output le: sig.tap. PAW com-
mand, exec ctf#sig, generating the postscript le sig.ps.
 the bunch energy prole after each of the six modules; output le: nrj.tap. PAW
command, exec ctf#nrj, generating the postscript le nrj.ps.





(12)), up to the bunch number 24, with in addition, bars indicating the betatron
amplitude corresponding to 2 r.m.s emittance value of the considered slice (assum-
ing that all these slices are initially perfectly adapted to the optics of the 30 GHz
line and have the same energy). These proles are shown in the two planes, at the
middle of the 18 quadrupoles of the line, and at the entrance and exit of each of
the 6 CTS (more precisely at the two points A and B in Fig.2). The output les,
the PAW commands and the generated postscript les are respectively ofq1.tap,
exec ctf#ofq1 and offq1.ps for the beam prole at the quadrupole locations,
ofc1.tap, exec ctf#ofc1 and offc1.ps for what concerns the transfer structures.
5.2 Results
All the plots presented in this subsection are related to the nominal beam parameters (see
Tab.1, rst column).
The last bunches in the train (in fact after the bunch number 7) lose on average about
2,4 MeV in each structure; hence, the average energy of the train is estimated to be
48,2 MeV at the end of the line. Fig.4 shows the average energy of the bunches number 1
to 12 at the exit of each of the six structures, assuming a mono{energetic beam at the line
input.
The \hot spots" of the 30 GHz line, where the beam might be lost, are located at the output
11





imum number of bunches in interaction within one structure (interaction via the longitudinal wakeeld):
with 60 cm for the structure length, 10 cm for the distance between two consecutive bunches, with a
group velocity of c=2 and a nite bunch length, we can easily show that N
b0
= 7. At last, the transverse




 1) = 37, where N
CTS
is the number of
structures in the line and where N
b1
has the same denition as N
b0
, but concerning the transverse mode;





= 7. With a big bunch{to{bunch damping (typically greater than 50 %), we have N
b1
= 2, so
that the transverse steady state appears also after the bunch number 7, as shown in Fig.5, 6 and 7.
13
of the sixth cavity and in the defocusing quadrupole of the last triplet (in the vertical plane).
Fig.5, Fig.6 and Fig.7 show the transverse prole of the rst twelve bunches, at the end of
the last structure in both transverse planes and in the vertical plane at the middle of the
last QD, respectively. Then, we observed a maximum margin (tail of the last bunches) of
about 1,5 mm in the horizontal plane at the output of cavity VI, and a margin of 3,2 mm
and 2,5 mm in the vertical plane, at the exit of cavity VI and at the middle of QD VI,
respectively. Nevertheless, due to the imperfect matching between the 3 GHz and the 30
GHz lines, these margins become 1 mm, 2,4 mm and 1,8 mm, respectively, but remain
acceptable (see Appendix B).
Hence, by reconsidering the algorithm developed in Section 2, these results involve that,
with the \new optics" and 70% damping, the probability that the beam passes trough the
six modules is at least equal to 95,4%
12
.
Finally, the ultimate question is the minimum value authorised for the damping factor
DF: the simulations show that it could be decreased up to 60% but not much lower (see
Appendix B)!
6 Conclusion
If a damping factor of 6070% is obtained in the CLIC Transfer Structures, one can re-
main optimistic concerning the stability of the transverse motion of the beam in the 30
GHz region.
Now, I would like to come back to the computation method developed in this paper. Based
on the linearity of the equation of motion, it is true that such a method remains unable to
deal with non linear phenomena, as space{charge eects on a low energy beam; in a same
way, it can not analyse a beam line containing non linear optic components, as sextupoles,
and then will never replace totally the usual tracking method. Nevertheless, the two new
programs written for CLIC and CTF2 have always given results very closed to the ones
obtained (in average) by the tracking codes PARMTRACK and MTRACK; moreover, the
computation time is approximatively the same. Hence, such a program is able to produce,
in one single run, some statistical results which could be obtained by a classical tracking
program in a much more tedious way (several runs on several dierent machines). Thus,
this method, complementing the ones which already exist, appears to be very powerful for
what concerns the study of wakeeld eects in linear accelerators.
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du = 0; 954::
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Figure 4: Bunch energy at the exit of each CTS (nominal parameters)
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Figure 5: Bunch (1{12) at the end of cavity VI in the horizontal plane (nominal parameters)
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Figure 6: Bunch (1{12) at the end of cavity VI in the vertical plane (nominal parameters)
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Figure 7: Bunch (1{12) in QD of triplet VI in the vertical plane (nominal parameters)
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A 2 2R matrix in three particular cases









(s) +G(s)=(s)x(s) = 0 (13)
(13) is a linear dierential equation of the second order and then, all its solutions are
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The last case, we will study here, is the one which embraces the two cases mentioned above,
i.e 
0


















s)x(s) = 0 (14)






















 y = 0
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of the subsection 1.3.
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case G < 0. Finally, using some algebraic relations relative to the Bessel functions [14],
we are able to derive the analytical form of the R matrix associated with the dierential
equation (14):










































































































































i = 0; 1 :










































































































































i = 0; 1 :
20
B Matching and optimisation of the optics in the 30
GHz line for the nominal beam parameters
B.1 Matching
Description Position relative Gradient or eld Eective
to cathode [m] strength, [T] or [T/m] length [m]
rst 2; 700 G1 = 1; 299 0; 220
triplet 2; 998 G2 =  2; 188 0; 220
3; 296 G3 = 0; 999 0; 220
second 5; 243 G4 = 0; 1964 0; 124
triplet 5; 493 G5 =  0; 024 0; 220
5; 743 G6 = 0; 445 0; 124
bunch 6; 021 B1 = 0; 119 0; 223
compressor 6; 891 B2 =  0; 142 0; 373
7; 761 B3 = 0; 119 0; 223
third 8; 087 G7 = 2; 420 0; 220
triplet 8; 385 G8 =  3; 186 0; 220
8; 683 G9 = 2; 000 0; 220
fourth 11; 302 G10 = 1; 839 0; 220
triplet 11; 600 G11 =  2; 155 0; 220
11; 898 G12 = 0; 441 0; 220
rst 30 GHz 13; 944 G
F
= 4; 900 0; 095
module 14; 100 G
D
=  9; 678 0; 095
triplet 14; 256 G
F
= 4; 900 0; 095
Table 3: Matching section, bunch compressor and 30 GHz region layout parameters
We recall that the program assumes that the bunch train is mono{energetic at the energy
of 62,6 MeV and perfectly matched to the optics of the 30 GHz lattice. As we said it in
Section 4.1, the beam energy spread has negligible eects on the x{motion; moreover,
since in this model the x and betatron motion are uncorreletated, the initial mismatch of
the beam do not inuence at all the dynamic of the centre{of{gravity of each slices inside
the train. Nevertheless, this initial mismatch and in addition the energy loss in the 30
GHz structures may create strong \ beating" in the last quadrupoles, when increasing
the focusing. This non{negligible eect has been numerically estimated by using a program
written especially for the study of the CTF2 linear optics [12].
The matching section between the 3 GHz and 30 GHz regions consists of four quadrupole
triplets with the bunch compressor between the second and third triplet [11]. Starting from
initial conditions for the beam computed at the end of the 3 GHz linac (an ellipse of 1000
21
area containing all the phase space distribution of each bunch inside the train), and given
the quadrupole strengths in the 30 GHz region, the program computes the quadrupole
gradients of the matching section required in order to match the beam into the 30 GHz
periodic lattice for two dierent energies. The choice of these two energies is 3,5 % above
and 3,5 % below the mean energy
14
.
The beam matching and bunch compressor layout parameters are then given in Tab.3; they
concern the \new 30 GHz optics" dened in Section 4.2
15
. Fig.8 shows the evolution of
the horizontal and vertical beam envelope trough the matching/bunch compressor section
and the 30 GHz region, computed for the ve energies 62,6 MeV  3,5%  7%, with and
without energy loss in the 30 GHz structures (5 curves in the matching section, 10 curves
in the 30 GHz region).
B.2 Optimisation of the quadrupole gradients in the 30 GHz
periodic lattice
A qualitative approach of the problem is simple. The wakeeld eects are minimised by
increasing the focusing in the 30 GHz region, whereas, in the same time, the mismatch
becomes quickly important for too strong gradients. Thus, we have decided to scan nu-
merically these two eects in a region where the mismatch remains acceptable, from G
F
=
4 T/m to G
F








= -2,125. For several points
in that region and several locations in the beam line, we have computed the following
quantities:
 the maximum beam size: Max

q
(p=p) ;  7% < p=p < 7%

(results coming
from the program studying the CTF2 linear optics)















Fig.9, Fig.10 and Fig.11 show the obtained results after the addition of these two quantities,
at the exit of cavity VI in both transverse planes and at the middle of QD VI in the vertical
plane, respectively. The legend, at the right of each gures, splits the scanned region into
several domains (represented by dierent patterns), and gives, for each of these domains,
the minimum and maximum transverse beam extension in millimetre (i.e. the sum of the
two terms cited previously). After a detailed examination of the three data relative to those
three gures, the best compromise was found to be: G
F
= 4; 9 T/m and G
D
=  9; 68 T/m.
This point corresponds to the intersection of the three white domains in Fig.9, Fig.10 and
Fig.11 and is located in a relatively at region.
14
In Ref. [11] we nd 5% instead of 3,5%. For what we are concerned, 3,5% seems to give better results
for the matching.
15
The eective lengths of the bunch compressor magnets and the magnetic focusing in the components
have changed compared to Ref. [11].
22
In conclusion, Tab.4 summarises the results relative to the \new optics" and compares it
to the ones which was obtained with the old parameters: the gain is really signicant.
Old optics New optics
Quadrupole G
F















































(p=p) ;  7% < p=p < 7%















[mm] (*) 3; 1 2; 2 3; 6 2; 7 1; 4 2; 8
Margin [mm] (*) 0; 3 1; 7 0; 9 1; 0 2; 4 1; 8
Table 4: Comparison between the old and new optics in the 30 GHz periodic lattice
(*): Those three numbers are related to the exit of cavity VI in the horizontal and vertical
planes and to the middle of QD VI in the vertical plane, respectively.
We have done exactly the same work for a damping factor of 50% and a damping factor
of 60%. Simulations have shown that, with a damping factor of 50%, the problem had no
solution (if we want to preserve a probability of success of 95,4 %). With 60 % damping,
solutions still exist. In this case, the best optics in the 30 GHz lattice are found to
be sensitively the same than the ones obtained with DF =70 %; the margins previously
dened become 0,2 mm, 2,2 mm and 1,5 mm.
23













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 9: Maximum horizontal extension [mm] of the bunch train at the end of cavity VI
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































C Some comments and illustrations concerning the
\high{charge" situation
Some simulations concerning the \high{charge" parameters (second column in Tab.1, Sub-
section 4.1) have been done in order to estimate the maximum number of transfer structures
that the beam could pass trough in that ultimate situation. The obtained results are di-
sastrous with the actual emittance of 2200. They become more acceptable if the target
value of 1000 is reached (gun 5); then, the beam should pass through three structures,
assuming 70% damping.
Fig.12 and Fig.13 show the horizontal and vertical proles of the rst twelve bunches at the
input of the fourth structure. Such a situation concerns the optics given in Tab. 3 simply
rescaled by the ratio 43/62,6 ' 0,687 (ratio of the two energies given in Tab.1); thus, we
have chosen G
F
= 3,37 T/m and G
D
= {6,65 T/m in the 30 GHz periodic lattice. We
see clearly on these two gures that the beam break{up instability takes place after the
third structure. Moreover, in that extreme case, the strong energy loss of the train com-
pared to its initial energy (3,1 MeV/structure involving a nal average energy of about
24,5 MeV), renders the line optics unstable after a few modules. Thus, it is certainly more
judicious, for that case, to relax the quadrupole gradients all along the 30 GHz region in
order to avoid over{focusing. In Ref. [8], this idea is applied successfully: the example of
one machine is given where the beam passes trough the fourth structure and is lost at the
input of the fth structure.
At last, a situation with beam steering is actually under investigation and gives very
promising results [8].
28




























































Figure 12: Bunch (1{12) at the input of cavity IV in the horizontal plane (high{charge
situation)
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Figure 13: Bunch (1{12) at the input of cavity IV in the vertical plane (high{charge
situation)
30
D The input le param.data
'BEAM, LINE, WAKES ,TRACKING AND MISALIGNMENT PARAMETERS'
'BEAM PARAMETERS'
'Bunch number :' 12
'Charge per bunch [nC] :' 13.4
'Bunch repetition rate [GHz] :' 2.99855
'Initial energy [MeV] :' 62.6
'Normalised horizontal emittance [Pi*mm*mrad] :' 1000.00
'Normalised vertical emittance [Pi*mm*mrad] :' 1000.00
'Longitudinal RMS [mm] :' 0.60
'Head truncation [sigmaz] :' 2.00
'Tail truncation [sigmaz] :' 2.00
'Type of longitudinal distribution (1,2,3) :' 1
' # 1: Gaussian '
' # 2: Parabolic'
' # 3: Rectangular'
'LINE PARAMETERS'
'Quadrupole length [m] :' 0.095
'Quadrupole strength [T/m] :' 4.9
'QD/QF strength :' 1.975
'Drift length between quads [m] :' 0.0615
'Effective cavity length [m] :' 0.60
'Cavity length [m] :' 0.775
'Drift length before cavity [m] :' 0.2095
'Drift length after cavity [m] :' 0.1925
'Slit aperture diameter [mm] :' 15.00
'Cell length [mm] :' 3.332
'WAKES PARAMETERS'
'Longitudinal loss factor [V/pC/cell] :' 0.184
'Monopolar fundamental frequency [GHz] :' 29.9855
'Group velocity of monopolar mode [c] :' 0.50
'Transverse loss factor [V/pC/cell] :' 0.960
31
'Dipolar fundamental frequency [GHz] :' 29.9625
'Group velocity of dipolar mode [c] :' 0.50
'Damping rate after 20 periods [%] :' 70.00
'TRACKING PARAMETERS'
'Focusing of the first quad (1./-1. : xF/xD) :' 1.
'Number of modules :' 6
'Slice number per bunch :' 14
'MISALIGNMENT PARAMETERS'
'BEAM OFFSET'
'Horizontal RMS [mum] :' 100.00
'Yaw angle RMS [murad] :' 0.00
'Vertical RMS [mum] :' 100.00
'Pitch angle RMS [murad] :' 0.00
'BUNCH TO BUNCH JITTER'
'Horizontal RMS [mum] :' 100.00
'Yaw angle RMS [murad] :' 0.00
'Vertical RMS [mum] :' 100.00
'Pitch angle RMS [murad] :' 0.00
'QUAD DISPLACEMENTS'
'Horizontal RMS [mum] :' 20.00
'Yaw angle RMS [murad] :' 0.00
'Vertical RMS [mum] :' 20.00
'Pitch angle RMS [murad] :' 0.00
'CAVITY DISPLACEMENTS'
'Horizontal RMS [mum] :' 100.00
'Yaw angle RMS [murad] :' 0.00
'Vertical RMS [mum] :' 100.00
'Pitch angle RMS [murad] :' 0.00
32
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